INTRODUCTION {#sec1-1}
============

In xsthe era of microvascular surgery, the treatment of osteogenic malignancies has been shifting from amputation towards limb-sparing procedures. Before 1970s, management routinely consisted of trans bone amputation or disarticulations, with dismal survival rates (10%--20%).\[[@ref1]\] With the development of more effective chemotherapy, radiation therapy and multimodality therapy, the treatment protocol shifted towards limb preservation.

An intercalary reconstruction is defined as replacement of the diaphyseal portion of a long bone after segmental skeletal resection.\[[@ref2]\] After a wide resection, a large skeletal defect is created. It requires reconstruction and bridging of the defect with either megaprosthesis or a vascularised bone graft if limb salvage is planned.

Megaprosthesis is a large metallic joint design to replace the excised length of bone and adjacent joint. These megaprostheses allow for movement of the joint, providing both mobility and stability.\[[@ref3]\]

Another approach to limb salvage has been described by Capanna *et al*.\[[@ref4]\] This technique combines a vascularised fibula graft with a conventional massive allograft to reconstruct large defects after oncologic resection.

Amongst vascularised bone grafts, fibula graft is the most common and preferred graft as it is capable of filling the large defect created following the resection.\[[@ref5]\] We have reviewed a series of ten patients who underwent oncologic limb salvage resection for primary bone sarcoma of extremities and were reconstructed by vascularised fibula graft. We assessed the function post-operatively using Musculoskeletal Tumour Society (MSTS) score at the end of 2 years.

MATERIALS AND METHODS {#sec1-2}
=====================

The present study is a single centre, retrospective study of patients with various types of bone sarcomas which were reconstructed with vascularised free fibula graft after resection. The study was conducted in our institute from the period of January 2008 to December 2015. Detailed record of all patients' demographic profile, disease staging, treatment plan, adjuvant therapy and follow-up was maintained.

Surgical technique

In all cases, the harvest of the free fibula was done from the contralateral limb to that of the limb with the tumour \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\]. The procedure was undertaken by two-team approach.

![Patient with right femur osteosarcoma](IJPS-49-370-g001){#F1}

![Magnetic resonance imaging of the right femur showing the tumour](IJPS-49-370-g002){#F2}

![X-ray of the femur showing the tumour](IJPS-49-370-g003){#F3}

Suitable artery and vein were preserved for the anastomosis \[[Table 1](#T1){ref-type="table"}\]. Wide local excision of the tumour with sparing of joints was done with adequate margins. The proximal and distal marrow was sent for frozen section examination and was confirmed to be free of disease. Scoring of the two ends of the bone as a marker was done before the osteotomy so as to prevent any rotational deformity.

###### 

Fibula orientation and choice of vessels

![](IJPS-49-370-g004)

The resected bone was stripped of all soft tissues and periosteum and then sent for extracorporeal radiotherapy (ECRT). ECRT was given with a dose of 50 cGy at a rate of 1.8--2.0 cGy/min. The approximate time between the bone segment and returning to the operation room was 30--35 min.\[[@ref6]\] This irradiated bone was used as a graft along with the free vascularised fibula for reconstruction \[[Figure 4](#F4){ref-type="fig"}\].

![Resected tumour with extracorporeal radiotherapy treated femur](IJPS-49-370-g005){#F4}

Bony fixation was then achieved according to the situation of the recipient bones by impaling the end of the fibula into the medullary cavity of the recipient bone \[Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}\]. Wherever ECRT treated bone was used along with vascularised fibula, it was fixed with the native bone and fibula by creating a slit along its length to accommodate the vascularised fibula. This slit was made less than half the diameter of ECRT treated femur so as to maintain the strength of the bone \[Figures [7](#F7){ref-type="fig"} and [8](#F8){ref-type="fig"}\]. The fixation was done using long compression plate of appropriate length, which was determined according to the length of the defect.

![Vascularised fibula docked into the proximal and distal femur and fixed with long dynamic compression plate](IJPS-49-370-g006){#F5}

![Post-operative X-ray showing free fibula bridging the gap of the resected tumour-bearing femur](IJPS-49-370-g007){#F6}

![Diagram showing diaphyseal resection of femur bridged with extracorporeal radiotherapy treated femur and vascularised fibula graftas](IJPS-49-370-g008){#F7}

![Diagram showing diaphyseal resection of humerus bridges with vascularised fibula graft](IJPS-49-370-g009){#F8}

Free fibula was used for salvage of failed megaprostheses secondary to post-operative infection in two patients. The procedure was performed in two stages. In the first stage, the prosthesis was removed and replaced with antibiotic incorporated nail spacer cement. In the second stage, the nail spacer cement was removed and was replaced by vascularised free fibula and fixed with appropriate plates and screws.

The length of fibula harvested was between 15 and 22.5 cm (average 18.8 cm). ECRT was given in five patients out of the ten patients in the present study. Out of the remaining five cases, two were salvage of failed megaprostheses. Three cases had adequate circumference of fibula which did not require additional support with ECRT treated bone.

Statistical methods {#sec2-1}
-------------------

The data were checked for its distribution for its normality through Anderson-Darling test. The MSTS scores recorded were non-normally distributed. A repeatedly measured scores recorded at various intervals of time (i.e., 6 months, 12 months and 1 year) were checked whether they are improving over time through Kruskal--Wallis ANOVA. The results suggested that the recorded scores improved over time (*P* \< 0.0001). All the statistical analyses were done using Minitab 17.1.0^®^ statistical package (^©^ Minitab 17.1.0, Minitab Inc. 2013, Pennsylvania, USA). Complete statistical comparisons with other studies were limited as the data recorded were dissimilar with respect to parameters recorded.

RESULTS {#sec1-3}
=======

Ten patients were reconstructed with vascularised free fibula after the oncologic resection. Male:female ratio was 4:1. The mean age was 19.5 years (9--28 years) \[[Table 2](#T2){ref-type="table"}\].

###### 

Overview of the cases

![](IJPS-49-370-g010)

Post-operatively, seven patients received chemotherapy and one received radiotherapy. All the patients were followed up every month for first 6 months, then every 3 months in the next 6 months and thereafter every 6 months after primary surgery. In each follow-up, the patients were assessed with an X-ray to look for the integrity of the fibula and the implant, callus formation at both ends of fibula and any fracture in the fibula.

Weightbearing was not allowed for 3--6 months post-operatively, followed by partial weightbearing over the period of next 6 months with support of walker or two axillary crutches. The decision on full weightbearing was based on the state of bone union \[[Figure 9](#F9){ref-type="fig"}\].

![Full weightbearing 2 years post-operatively](IJPS-49-370-g011){#F9}

In the first 2 years of follow-up, a chest X-ray was done every 3 months, to look for any metastasis. Every 6 months, computed tomography (CT) of the chest was performed to look for metastasis. Next 3 years, a 6 monthly X-ray and an annual CT and bone scan \[[Figure 10](#F10){ref-type="fig"}\] were performed. There were two deaths in the series during follow-up, both being males, and both due to distant metastasis. Of the eight surviving patients, three had uneventful recovery. Four had fractures of the fibula, and one patient had necrosis of skin paddle. Of the four patients who had fracture fibula, two patients had bending of the reconstruction plate. Both these patients were re-explored, and reconstruction plate revision was done, and the other two patients were managed conservatively. The patient who had necrosis of the skin paddle was managed with debridement and regular dressing, which healed with secondary intention. The fibula was viable in this patient.

![Bone scan showing hypertrophy at the ends of fibula graft](IJPS-49-370-g012){#F10}

The assessment of the function was done on the basis of MSTS score, which includes pain, function, patient acceptance, need for external support, walking ability and gait\[[@ref7]\] for the lower limb and pain, function, emotional acceptance, hand positioning, manual dexterity and lifting ability for the upper limb \[[Table 3](#T3){ref-type="table"}\].\[[@ref7]\]

###### 

Musculoskeletal Tumour Society score parameters

![](IJPS-49-370-g013)

The MSTS scores were calculated for all patients at 6 months post-surgery, at 1 year follow-up and last follow-up \[[Table 4](#T4){ref-type="table"}\]. The maximum MSTS score was 30 and minimum score was 24, average score being 26. On an average, the MSTS scores increase over time \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]. At the end of follow-up, seven out of eight patients had union on both ends, with average time of 11 months, ranging from 9 to 18 months.

###### 

Musculoskeletal Tumour Society scores

![](IJPS-49-370-g014)

###### 

The Musculoskeletal Tumour Society scores over time

![](IJPS-49-370-g015)

###### 

The evaluation of Musculoskeletal Tumour Society scores over time

![](IJPS-49-370-g016)

Three patients out of seven achieved full weightbearing at the end of 2 years, rest four patients had partial weightbearing at the end of 2 years after surgery. The patient with upper limb reconstruction had full upper limb function at the end of 2 years.

DISCUSSION {#sec1-4}
==========

Currently, 85%--90% of patients with malignant bone tumours are candidates for limb salvage surgeries.\[[@ref8]\] The multitude of surgical procedures to reconstruct the bone defects following wide tumour resection are available.\[[@ref9]\] These procedures have their own advantages and disadvantages.

Conventional cancellous bone grafts are suitable for small defect in the bone with adequate soft-tissue cover.\[[@ref10]\] Virtually, all anatomic defects can be reconstructed with either allograft or vascularised fibula (Capanna technique).\[[@ref4][@ref11]\] The healing mechanism of the bone allograft is characterised by limited revascularisation and is restricted within few millimetres of the bone surface.\[[@ref12]\] Reconstructive procedures with bone transport, such as the Ilizarov technique, include the disadvantage that it takes a long time (months to years) to compensate the long bone defect.

In our series, free vascularised fibula along with either ECRT autograft or vascularised fibula alone was used in ten patients with mean age of 19.5 years. Similar study was done by Krieg *et al*.\[[@ref13]\] on 16 patients \[[Table 7](#T7){ref-type="table"}\].

###### 

Comparison of various factors with other studies

![](IJPS-49-370-g017)

The functional outcome was calculated on the basis of MSTS score. The present study showed good functional outcome with average MSTS score was 86.6%, which was comparable to study done by Krieg *et al*.\[[@ref13]\] which had a score of 85%. There was no significant difference between study done by Krieg *et al*. and our study \[[Table 7](#T7){ref-type="table"}\].

In the present study, the average length of defect that was reconstructed was 18.8 cm, which was significantly higher than studies done by Krieg *et al*.\[[@ref13]\] and William *et al*.\[[@ref14]\] \[[Table 7](#T7){ref-type="table"}\].

In our series, three patients had full weightbearing, four patients had partial weightbearing and one patient with upper limb reconstruction had full upper limb function.

The average time for full weightbearing in the present study was 10 months, which was slightly more than 8 and 9.2 months in studies done by Krieg *et al*.\[[@ref13]\] and Zaretski *et al*.,\[[@ref15]\] respectively. This delayed weightbearing in the present study is due to long size of the defect and our guarded approach towards weightbearing.

In our series, the complication rates were 50%, which were comparable to studies done by William *et al*.\[[@ref14]\] and Rabitsch *et al*.\[[@ref16]\] \[[Table 7](#T7){ref-type="table"}\]. These complications were manageable and did not lead to any amputation.

The most common complication after vascularised fibula reconstruction was fractures of the fibula. In our study, four patients had fracture (50%). Studies done by Ozaki *et al*. and Abed *et al*. have cited the fracture rates between 20% and 40%.\[[@ref17]\] Graft fracture rates in study done by Rabitsch *et al*.\[[@ref16]\] and William *et al*.\[[@ref14]\] were 33.3% and 20%, respectively.

In our study, disease-free survival at the end of 2 years was 80%. This was comparable to the study done by Rabitsch *et al*.\[[@ref16]\] which was 80% after 2 years as well as study done by Zaretski *et al*.\[[@ref15]\] which was 97% after 2.5 years of follow-up.

Limb salvage should be aimed at providing stability and function.\[[@ref18]\] None of the patients had to undergo amputation of the limb; hence, there were 100% limb salvage and acceptable long-term function.

CONCLUSION {#sec1-5}
==========

Our study indicates that limb salvage with vascularised fibula graft for long bone sarcoma defects gives good functional outcome in terms of MSTS scores. In spite of initial complications, the long-term results of functional outcome were acceptable. Thus, in the present era, limb salvage for primary bone sarcoma should be the primary goal of treatment.
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